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                                                                   ABSTRACT




    Wepresentdeep U, V and Ibandimagesofthe“ultracompact”bluedwarfgalax yPOX186obtained
withthePlanetaryCamera2ofthe HubbleSpaceTelescope. Wehavealsoobtainedanear-ultraviolet
spectrumoftheobjectwiththeSpaceTelescopeIma gingSpectrograph,andcombinethiswithanew
ground-basedopticalspectrum.Theimagesconfirm thegalaxytobeextremelysmall,withamaximum
extentofonly300pc,aluminosity~10 -4  L*andanestimatedmass~10 7  M

.Itsmorphologyishighly
asymmetric,withatailofmaterialonitswestern sidethatmaybetidalinorigin.The U-bandimageshows
thistailtobepartofastreamofmaterialinwhi chstarshaverecentlyformed.Mostofthestarfo rmationin
thegalaxyishoweverconcentratedinacentral,co mpact( d ~10–15pc)starcluster.Weestimatethis
clustertohaveatotalmass~10 5M

,tobeformingstarsatarateof<0.05yr -1,andtohaveamaximumage
ofafewmillionyears.Theouterregionsoftheg alaxyaresignificantlyredderthanthecluster,wi th V – I
colorsconsistentwithapopulationdominatedbyK andMstars.Fromouranalysisoftheopticalspec trum
wefindthegalaxytohaveametallicity Z ≅ 0.06 Z

andtocontainasignificantamountofinternaldu st
(E(B – V) ≅ 0.28);bothvaluesagreewithpreviousestimates. Whiletheseresultsruleoutearlier
speculationthatPOX186isaprotogalaxy,itsmorp hology,massandactivestarformationsuggestthat it
representsarecent(within~10 8 yr)collisionbetweentwoclumpsofstarsof sub-galactic size(~100pc).
POX186maythusbeaverysmalldwarfgalaxythat, dynamicallyspeaking,isstillintheprocessof
formation.Thisinterpretationissupportedbythe factthatitresidesinavoid,soitsmorphology cannotbe
explainedastheresultofanencounterwithamore massivegalaxy.Clumpsofstarsthissmallmay
representthebuildingblocksrequiredbyhierarchi calmodelsofgalaxyformation,andtheseresultsa lso
supporttherecent“downsizing”pictureofgalaxyf ormationinwhichtheleastmassiveobjectsarethe last
toform.

Subjectheadings :galaxies:individual(POX186)---galaxies:dw arf---galaxies:formation---galaxies:
peculiar---galaxies:starburst
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1. INTRODUCTION


   Thebluecompactdwarfgalaxy(BCDG)POX186( =PGC046982)isanintriguingobject.Kunth,
Sargent&Kowal(1981)firstidentifieditasanea rbyemission-linegalaxywithaheliocentricradial
velocityof1170kms -1.Ground-basedCCDimagesobtainedbyKunth,Mauro gordato&Vigroux(1988)
revealedittobeveryfaintandcompact,with mp =  17andanangularextentofonlyabout3 ″.  Incontrast
totheotherBCDGsimagedintheirstudy,Kunthet al.(1988)foundnoclearevidenceofanunderlying
populationofevolvedstarssurroundingthestar-fo rmingregionsofPOX186,andspeculatedthatthe
objectisaprotogalaxy,formingitsfirstgenerati onofstars.ThespectroscopyofKunth&Sargent (1983)
howeverrevealedmetallinesinthegalaxy’sspectr um,aswellasevidenceofinternaldust.Thissug gests
earlierepisodesofstarformation,andarguesagai nsttheprotogalaxyhypothesis.
    Morerecently,Doublieretal.(2000;hereafte rD2000)obtaineddeepimagesofPOX186fromthe
groundundersub-arcsecondseeingconditions.The D2000imagesconfirmthegalaxytobe
“ultracompact,”withamaximumprojectedsizeofle ssthanakiloparsecatitsredshift.Itisthuso neofthe
smallestgalaxiesknown.D2000alsofindaclear R – I colorgradientintheobject,withtheouterregion s
beingsignificantlyredder( R – I  ≅ 0.4)thanthegalaxy’scenter( R – I  ≅ -1.0).Thissupportsthe
spectroscopicevidencethatpreviousepisodesofst arformationhaveoccurred,andtheabsenceofearl y-
typestarsintheseouterregionsimpliesalowerl imitof~10 8 yearstotheageoftheunderlyingstellar
populationofthegalaxyifstandardinitialmassf unctionsareassumed.InthisrespectPOX186iss imilar
tolargerBCDGs,themajorityofwhichconsistofc lustersofearly-typestarsembeddedinenvelopeso f
redderstarssimilarinsizeandshapetonormaldw arfellipticalgalaxies(Loose&Thuan1985;Kunth etal.
1988;Papaderosetal.1996).
   However,incontrasttolargerBCDGs,thegrou nd-basedimagesofKunthetal.(1988)andD2000
indicatethatPOX186hasanasymmetricmorphology. Kunthetal.(1988)notethepresenceofan“arm”
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ofmaterialonthegalaxy’swesternside,whichis alsosuggestedintheD2000images.Inadditionto its
smallsize,thismorphologysuggeststhatPOX186i sanextremememberoftheBCDGclass.Detailed
studyofitmaythusoffermoregeneralinsightint othephenomenologyoftheseobjects.Inparticul ar,the
verysmallangularsizeofthegalaxymakesitago odtargetfor HubbleSpaceTelescope (HST)
observations,asitisdifficulttoresolvefromth eground.
   Withthesemotivationsweobtaineddeep U, V,and I imagesofPOX186withthehighresolution
PlanetaryCamera2(PC2)ofHST,alongwithanultr avioletspectrumoftheobjectobtainedwiththeSp ace
TelescopeImagingSpectrograph(STIS).Wecombine thisspectrumwithanewground-basedoptical
spectrumforananalysisofthegalaxy’smetallicit yandstellarpopulation.Ourprincipalfindingi sthatthe
asymmetricmorphologyofPOX186aswellasitsact ivestarformationmaybetheresultofarecent
collisionbetweentwoclumpsofstarsof sub-galactic size(~100pc).ThisinturnsuggeststhatPOX18 6is
averysmalldwarfgalaxythat,atleastintermso fitsstellardynamics,isstillintheprocessof formation.
    Inthefollowingsectionwedescribeourobse rvations.Wepresenttheiranalysisin§3,andco nclude
withadiscussionin§4.AcosmologyofH 0=72kms -1 Mpc -1, ΩM=0.3, ΩΛ=0.7isassumed.

            
2. OBSERVATIONS

  OurHSTobservationsofPOX186aresummarized inTable1.ThePC2imagesweretakeninthe
F336W,F555WandF814Wfilters,whicharesimilart otheJohnson U, V and I filters.Thesefilterswere
selectedtocoverthewidestpossiblewavelengthra ngeallowedbythePC2,andtodistinguishtheemis sion
fromtheearly-typeandlate-typestarsinthegala xy.Integrationtimeswerechosentoallowthede tection
ofindividualOBandM-giantstarsintheF336Wand F814Wfilters,respectively,atthedistancetoth e
galaxyunderouradoptedcosmology(21Mpc).STIS observationsweremadewiththeMAMAdetectors,
usingtheG140LandG230Lgratings,whichcoverac ombinedwavelengthrangeofapproximately1200Å
–3100Å.Theslitusedwas52 ″×0.5 ″.Integrationtimesweredeterminedfromthemagni tudesofKunth
etal.(1988)andtheassumptionthatthespectral shapeofthegalaxyinthenearultravioletissimi lartothat
oftheOstarsproducingitsstrongnebularemissio nlines.Asdiscussedinthenextsection,wefin dmost
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ofthestarformationinPOX186tobeconcentrated inamarginallyresolvedstarclusternearthegeo metric
centerofthegalaxy.TheresolutionsoftheSTIS spectrashouldthusbeclosetothoseforapoint source,
whichweassumeiscenteredintheslit.Theseres olutionsare1.5Åat1500ÅforG140L,and2.1Åa t
2400ÅforG230Lforthisaperture.Thespectrawe reextractedfromanapertureof0.26 ″.
    Weusethe“On-The-Fly”calibratedversionsof theimagesandspectraproducedbytheHSTcalibra tion
pipelineforouranalysis,afteradditionalcosmic rayremoval.ThePC2imageswerefluxcalibratedu sing
theconversionfactorsintheimageheaders.Thec alibratedimagesandspectrawerealsocorrectedfo r
Galacticextinctionusingtheextinctionvalueslis tedintheNASAExtragalacticDatabase,whichareb ased
on AB =0.201(Schlegel,Finkbeiner&Davis1998)andthe extinctionlawofCardelli,Clayton&Mathis
(1989).
   AnopticalspectrumofPOX186wasobtainedon UT1999March13usingthe90”Boktelescopeof
StewardObservatory,overthespectralrange4200Å -8150Åataspectralresolutionof6Å.Conditi ons
werephotometric,seeingwas~1.2 ″,andtheresultingspectrumwasfluxcalibratedus ingstandardstar
spectratakenbeforeandaftertheintegrations.T hetotalintegrationtimewastwohours,theslitw idthwas
4.5″,andtheslitpositionanglewas0 °.Theairmassrangewas1.38to1.41.Underthese conditionsthe
wholegalaxyshouldfitwithintheslit,andthere sultingfluxcalibrationshouldbeaccuratetowith in~10%
-20%.Fromtheemissionlinesinthisspectrumw emeasuretheredshiftofPOX186relativetotheL ocal
StandardofResttobe0.00398 ±  0.00001.Thisagreeswiththeoriginalmeasureme ntofKunthetal.
(1981).Correctingthisredshifttotheframeoft hecosmicmicrowavebackground(Fixsenetal.1996 )
yieldsadistanceof21Mpctothegalaxyunderour adoptedcosmology.


                                                3.RESULTSANDANALYSIS

3.1 Images

  AcolorcompositeoftheF336W,F555WandF814W imagesisshowninFigure1.Thenominal
angularresolutionofthePC2chipof~0.1 ″correspondstoaspatialscale~10pcatouradopt eddistance.
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TheasymmetryseeninPOX186intheKunthetal.( 1988)andD2000imagesisresolvedintoanarrowta il
ofstarsthatbendsbacktowardsthemainbodyoft hegalaxy,althoughthereappeartobestarsorgro upsof
starsintheinterveningspace.Inadditiontothe greaterdetailseeninPOX186,thisimagereveals several
faintredobjectsnearit,particularlytothenort heast.Closeexaminationofthemorphologiesand
brightnessprofilesoftheseobjectssuggeststhat theyarebackgroundgalaxies,possiblyagroup.Th e
objectapproximately5 ″southwestofPOX186inparticularappearstobea face-onspiralgalaxy,rather
thanagroupofstarsassociatedwithPOX186.The unresolvedsourceatthenorthwesterntipofPOX1 86
isalsoonlyseenintheF814Wimage,andcouldbe afaintGalacticlate-typestar,asthereisnoevi denceof
anextendedstructureorofanassociationwithPOX 186.
   Contourplotsoftheindividualimagesaresho wninFigure2.Theseplots,particularlyforthe F336W
andF814Wimages,showthegalaxy’semissiontobe dominatedbyasinglepeaknearitsgeometriccente r.
ThiscontrastswiththeresultofD2000,whoclaim evidenceofthreepeaksofcomparablebrightnesson the
basisofthedeconvolutionoftheirground-based R and I images.Secondarypeaksareseeninourimages
(particularlyF555W)tothenorthandsoutheastof thecentralpeak,andmaycoincideatsomelevelwi th
theregionsidentifiedbyD2000.However,inouri magesthefluxoftheseregionsisonly~1%-5%of that
ofthecentralbrightnesspeak.
   Weattemptedtodeconvolveourimagesusingsy ntheticpointspreadfunctionsgeneratedforeachf ilter
usingtheTinyTimprogram(Krist&Hook1999),ast herearenobrightpointsourceswithinthePC2chi p,
butthisdidnotnoticeablyimprovetheimageresol ution,andinnocase(orparticulariterationoft he
deconvolutionprocess)didtherelativebrightnesse softhedifferentpeakschange.Thiscouldarise froma
mismatchofthesyntheticandactualpointspreadf unctions,butweinsteadsuspecterrorsinthe
deconvolutionprocessusedbyD2000.Wethusrestr ictouranalysistothepropertiesofthecentral
brightnesspeak,givenitsdominanceofthegalaxy’ semission.
    Ourimages,notablythedeepF814Wimage,conf irmPOX186tobeextremelysmall.Itsmaximum
angularsizeintheF814Wimageisapproximately3 ″,correspondingtoonly300pcatouradopted
distance.Thecentralbrightnesspeakappearsunre solvedintheF336Wimage,andmarginallyresolved in
theF555WandF814Wimages,withasmallelongation intheeast-westdirection.Thisindicatesitss ize
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tobe~10-15pc.Wewillrefertothisregionas thecentralcluster,althoughthereareindication sof
subcomponentswithinit.
    Astrikingfeatureofthecontourplotofthe F336Wimageisthedetectionofwhatappeartobe
individualorsmallgroupsofstarsarrayedinana rcaroundthecenterofthegalaxy.TheF555Wand
F814Wplotsshowthisarctopartiallyoverlapwith thetailofmaterialontheobject’swesternside,
suggestingalongerlooporstreamtoofainttobe detectedintheF555WandF814Wimages.Another
featureevidentinthecontourplotsoftheF555Wa ndF814Wimagesisthecompressionoftheisophotes
immediatelytothewestofthecentralcluster,ind icatingastrongstellardensitygradientinthatd irection.
   Weobtainedaperturephotometryofthethrees eparateimagesusingtheIRAF“polyphot”task,whic h
allowspolygonalaperturestobecustomfitaround objects.ThisisparticularlyappropriatetoPOX1 86
givenitsirregularity.Theresultingaperturesha veamaximumsizeslightlyexceedingthegalaxy’ss izeof
3″.TheresultingmagnitudeswereplacedonaVegas caleusingthezeropointsgivenbyWhitmore(1995).
ThesemagnitudesaregiveninTable2,alongwitht hecorrespondingfluxes.Attheadopteddistancet othe
galaxytheF555Wfluxcorrespondstoaluminosity~ 10-4  L*,modulocontaminationfromthenebularlines
includedinthisfilter(principally[OIII] λλ4959,5007;thecorrectiontothefluxvaluegiven inTable2
shouldbeapproximately0.3dex).
    Theredcoloroftheregionsbeyondthecentra landsecondarybrightnesspeaks(Figure1)iscon sistent
withthefindingsofD2000.Toexaminethisquanti tatively,wesubtractedtheF814Wimagefromthe
F555Wimageandmeasuredtheradialcolorprofile, averagedacrosstheentiregalaxy(thetwo-
dimensionaldifferenceimagehasahighlevelofpi xel-to-pixelvariance,necessitatinganaverage). The
resultisshowninFigure3.Thecolorsofthereg ionsapproximately1.2 ″fromthecentralstarclusterfallin
therangeoflateK/earlyMstars(bothmainsequ enceandgiant).Contaminationofthestellarcont inuum
bynebularlines,particularly[OIII] λλ4959,5007shouldnotbeverystrongthatfaraway fromthecentral
cluster,givenitscompactness(Figure2).Thesam eplotfortheF334W–F555Wdifferenceimageis
noise-dominatedatsimilardistances,sothiscolor cannotbeusedasafurtherdiagnosticofthestel lar
population.
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3.2 Spectra

                                              3.2.1Emission-LineAnalysis

  Thecombinedultravioletandopticalspectrum ofPOX186isshowninFigure4.Thegapbetween
approximately1670Åand1770Åisduetotrimming oftheG230Lspectrumatwavelengthswhereit
becamenoise-dominated.ThefluxlevelsofbothS TISspectrawerelowerthanexpectedonthebasiso f
scalingtheopticalfluxesandtheassumptionmade abouttheformoftheUVcontinuum,whichresulted in
lowersignal-to-noiseratiosthanexpected.Thism aybedueinparttodustextinctioninthegalaxy, for
whichwefindevidenceonthebasisoftheBalmerl ineratios,discussedfurtherbelow.WedetectLy αin
emissionandabsorption,butdonotattempttomeas urethestrengthofthesefeaturesduetothelarge
uncertainties.EmissioninCIII] λ1909isalsodetected,butissimilarlynoisy.Ble ndedlinesintheoptical
spectrumweremeasuredafterGaussianfitting.Cer tainvalues,inparticular,thoseforthe[SII] λλ6714,
6731lines,areuncertainduetoblendingandweakn ess.Kunth&Joubert(1985)find“suggestive”
evidenceofabroadHeII λ4686featureindicativeofWolf-Rayetstars,which wedonotconfirminour
spectrum,althoughthereisasuggestionofweakbr oadHeII λ1640emissionintheSTISspectrum.
    Inordertoestimatetheelectrondensity ne,electrontemperature Te,andreddeningE( B – V)ofthe
ionizedgas,asetoffive-levelmodelatomswerec onstructedfromwhichopticallineratioscouldbe
calculatedasafunctionofdensityandtemperature .Wethensolvedsimultaneouslyforthe ne, Te andE( B –
V)valuesthatreproducethreeobservedlineratios: H α/Hβ orH γ/Hβ,[OIII] λ4363/[OIII] λ4959,and[A
IV] λ4711/[AIV] λ4740or[SII] λ6716/[SII] λ6731.Uncertaintiesontheparametervalueswere
determinedusingaMonteCarloprocedurethatuses errorsontheobservedlinefluxestogeneratelarg esets
of“synthetic”fluxratios,andthensolvesforthe parametersofeachset.Fromthe[AIV] λ4711/[AIV]
λ4740and[SII] λ6716/[SII] λ6731ratioswefindthedensitytobenearthelow- densitylimit, n e ~100
cm-3,towithintheuncertaintiesinthelinefluxes. Assumingsuchadensity,theBalmerlineratiosind icate
T
e  ≅ 15,900 ± 700KandE( B – V) ≅ 0.28 ± 0.01.Thisreddeningvalueisingoodagreement withthatof
Kunth&Sargent(1983).
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 Theratiosoftheopticallinefluxestothat ofH β aregiveninTable3.Thesehavebeenmeasuredfr om
boththeobservedframespectrumofPOX186afterc orrectionforGalacticextinction,andfromtheres t-
framespectrumafterapplyingtheaboveinternalre ddeningcorrectionusingtheextinctionlawofCalz etti,
Kinney&Storchi-Bergmann(1994).Thesemeasuremen tsyieldalimitontheratioofoxygentohydrogen
of12+log(O/H)>7.73.Astrongerconstraintis notpossibleduetothelackofacleardetectiono fanyO
IIlinessuchas[OII] λ7325([OII] λ3727wasnotcoveredinourobservedwavelengthran ge).
Nevertheless,thelimitwederivefortheO/Habund anceratioagreestowithin10%withthevaluerepo rted
byPageletal(1992),asderivedfromthedataof Kunth&Sargent(1983) 2.Ifweassumethatthe
metallicityscaleslinearlywiththeoxygenabundan ce,wefindametallicityforPOX186of Z ≅ 0.06 Z

,
assuminglog(O/H)


=-3.08(Anders&Grevasse1989).

   
3.2.2PropertiesoftheCentralCluster

 Althoughouropticalspectrumincludesemission fromallofPOX186,itisdominatedbythecentra l
cluster,particularlyitsOBstars.Thiscanbese eninFigure4bythecontinuitybetweentheUVand optical
continua.Theopticalspectrumalsoshowsnoclear absorptionfeatures,andanestimateofthenumber of
Ostarsinthecentralcluster(givenbelow)yields anopticalfluxlevelverysimilartowhatwemeas ure.
Wearestillabletoestimatetheageofthisclust er,ifnottheunderlyinglate-typestarsinthega laxy,intwo
ways.First,comparisonoftheobservedH β equivalentwidth(Table3)withthepredictionsof the
Starburst99models(Leithereretal.1999)forthe caseofalow-metallicityinstantaneousstarbursts witha
Salpeterinitialmassfunctionandanuppermassli mitof100 M

yieldsanageofapproximately3Myr(an
ageofapproximately6Myrisinferredforacontin uousburst).Second,wefittheopticalcontinuum with
                                                      
2
Kunth&Sargent(1983)notecontaminationbysecon d-orderlightintheirspectraatwavelengthslonge r

than6300Å.TheythussimplyassumedanH α/Hβ ratioof2.8,andscaledthelinefluxesinthere dpartof

theirspectraaccordingly.Sincetheyperformedth isscalingbeforeapplyinginternalreddeningcorre ctions,

abundancesderivedfromtheirspectraredwardof63 00Åmaybeincorrect.

 10
populationsynthesismodelsfromthelibraryofBru zual&Charlot(2002).Weconstructedcontinuum
modelsofsinglestellarpopulations(instantaneous bursts)ofvariousages,assumingaSalpeteriniti almass
functionspanningtherange0.1 M

to100 M

andametallicityof0.2 Z

(thevalueintheBruzual&
Charlot2002libraryclosesttoourestimateforth emetallicityofPOX186).Themodelcontinuawere fit
totheobservedspectrumovertherange4200Å-73 00Å,excludingemissionlinesandusinga
least-squaresroutineinwhichthereddeningwasal lowedtovary.Thebestfittingmodelwasfoundto have
anageof4Myr(+1,-1.6Myr),andareddeningof E( B – V) ≅ 0.3( ± 0.15),usingtheCalzettietal.(1994)
extinctionlaw.Thisreddeningvalueisconsistent withthatobtainedfromouremission-lineanalysis (§
3.2.1).TheresultingfitisshowninFigure5.F romthisbest-fittingmodelwealsoinferamassto the
clusterofapproximately10 5M

,qualifyingitasa“super”starclusterofthety peseeninotherBCDGs,
includingHenize2-10(seeJohnsonetal.2000and referencestherein).Comparableresultsareobtain edif
theultravioletspectraareincludedinthisfit,b utmoreuncertaintyisintroducedbytheirhighern oiselevel
anddiscontinuity.
   Severalotherimportantpropertiesofthecent ralclustercanbemeasuredfromthedereddenedspe ctrum.
First,thetotalnumberofphotonsintheLymancon tinuumcanbeestimatedfromtheH β luminosity
(Osterbrock1989).Fromthetemperatureestimated aboveandthedereddenedH β luminositywefind
N_LyC=6.59 × 1051 s-1.Assuminglog( N_LyC)=49.12s -1 forasingleO7Vstar(Vacca,Garmany&
Shull1996),thetablesofVacca(1994)withcorrec tionsforageprovidedbySchaerer(1996)indicate
~1000–2000equivalentOVstarsinthecentralcl usterfortheobject’smeasuredmetallicityforaS alpeter
initialmassfunctionandanageof3-4Myr.This rangeofvaluesforthenumberofstarsmayhowever
onlybealowerlimitiftheionizedgasisdensity bounded(leadingtoanescapeofmoreLymancontin uum
photons),ashasbeenfoundintheWolf-Rayetgalax yNGC4214(Leithereretal.1996)afterspatially
resolvingitsstar-formingregions.Thestarforma tionrateoftheclustercanbeestimatedfromthe strength
oftheUVcontinuumusingthescalingrelationofM adau,Pozzetti&Dickinson(1998):SFR( M

yr -1)=
1.25 × 10 -28 L1500,where L1500 istherest-framecontinuumluminosityat1500Åin ergss -1 Hz -1.Measuring
L1500 fromtheSTISspectrum(correctedforinternalext inctionusingourmeasuredE( B – V)value)andour
adopteddistanceyieldsSFR=0.045( ±0.003) M

yr -1.MeasurementoftheSFRusingtheKennicutt(1983 )
relationforH αyieldsahigherrateof0.08( ±0.002) M

yr -1.However,Kennicutt(1992)notesthatthe
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SFRsofBCDGsmaybeupto3timeslowerthanthose yieldedbytheKennicutt(1983)calibration,which
wasderivedfromspiralgalaxies,soacorrectionb ythisfactorwouldbringtheseestimatesintobett er
agreement.Thesestarformationratevaluesareal soonlyupperlimitstothetruestarformationrat eofthe
cluster,giventhatboththeMadauetal.(1998)an dKennicutt(1983)relationsstrictlyapplytosyst ems
formingstarscontinuouslyovertimescalesgreater than~10 8 years,whereasourresultsindicatethatthe
starsinthecentralclusterofPOX186havebeenf ormedinaveryrecent(~10 6-7 yr)burst.


3.3 Environment

  TheenvironmentofPOX186isrelevanttothe questionofitsorigin.Asearchofitssurroundin gsfrom
boththeDigitizedSkySurveyplatesandusingthe NASAExtragalacticDatabaserevealsnogalaxiesto
withinroughly5Mpcofit.Thuswhilethereisgo odevidencethatsomedwarfgalaxiesformoutofth e
debrisproducedbythecollisionofspiralgalaxies (e.g.Braineetal.2000;Weilbacheretal.2000; Hunter,
Hunsberger&Roye2000),suchamodelcannotexplai nPOX186.Thisalsoarguesagainstamodelin
whichitsasymmetricmorphologywasproducedbyan encounterwithamoremassivegalaxy.Underthe
assumptionthat,asarguedin§3.1,theobjectsde tectedintheF814Wimagearebackgroundsources,t his
indicatesthatPOX186residesinavoid.Indeed, thegalaxy’sposition( α =13h25m, δ=-11 °36 ′)
suggeststhatitliesontheperipheryoftheBoöte svoid(e.g.Kirshneretal.1987).


4. DISCUSSION                            

    POX186isclearlyaverysmall,dynamicallyd isturbedobject.ThetailofstarsseenintheF55 5Wand
F814Wimages,andwhichtheF336Wimagesuggestsis apartofalongerstreamofmaterial,is
qualitativelysimilartofeaturesseenininteracti ngdiskgalaxies(e.g.Hibbard&vanGorkom1996)w hich
arelikelyduetotidaleffects(e.g.,Toomre&To omre1972).Incombinationwithitsasymmetryand tail,
thecompressionoftheisophotestothewestofthe centralstarclusterevidentintheF555WandF814 W
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contourplotssuggeststhatPOX186representsare centcollisionbetweentwosmallclumpsofstarsof
comparablemassandsize(~100pc).Giventhatthe rearenonearbymassivegalaxieswithwhichitmig ht
haveinteracted(§3.3),thisinterpretationseems preferabletooneinwhichPOX186wasoriginallya
single,dynamicallyrelaxedobject.Morespecifica lly,thehistorysuggestedbythecontourplotsis thata
lessmassiveclumpspiraledintoalargerclumpfro madirectiondueeastoftheobject’scenter,leav inga
tidalstreamofmaterialbehindinwhichstarforma tionwastriggered.Thelessmassiveclumpthen
impactedthelargerclumponitsnorthwesternside, producingasteepstellardensitygradientinthat
directionaswellasthecentralstarburst.Atime scaleforthisencounteroflessthan~10 8 yragois
suggestedbythepresenceofearly-typestarsinth eputativetidaltailandarc(Figure2)andbythe young
ageofthecentralstarcluster.
    This“collidingclumps”hypothesiscanbechec kedbyasimpleestimateofthedynamicaltimescale of
suchasystem.Specifically,wecantestwhethera collisioncouldhaveoccurredwithinthetimescale of10 8
yrsuggestedabove.Ourestimateof L~10 -4 L*forPOX186correspondstoa B-bandluminosityof
approximately2.7 × 10 6 L

(B).Thuan(1987)arguesthattheratiosoftotalma ssesto B-bandluminosities
ofBCDGsareintherange~2–4,whichyieldsma ssesofapproximately5×10 6M


to10 7M

forPOX
186forthisluminosity.Kunthetal.(1988)also estimateamass~10 7M

forPOX186fromtheiroptical
photometry.Consideringonlytheirgravitationala ttraction,clumpsofmass~5×10 6M


andsize~100pc
thatarejustnowincontactwouldhavebeensepara tedbyapproximately400pcatatime10 8 yearsago,
assumingradialmotion.Itisthereforepossiblet hatPOX186’smorphologyandcurrentstarformation are
theresultsofsuchacollision.Abettercheckof acollisionmodelmustawaitinformationonthega laxy’s
kinematics.Deep,high-resolution21cmlineobser vationsareparticularlyimportant.Interestingly, HI
imagingoftheenvironmentsofnearbyirregulargal axiesbyWilcots,Lehman&Bryan(1996)hasreveale d
themtohavesurroundingHIcloudswithmassestha tarealso~10 7M

.Theseauthorsarguethatsuch
cloudsareintheprocessofbeingaccretedontoth eprimarygalaxyaspartofanongoingformationpr ocess,
similartowhatwehaveproposedforPOX186.
   IftheaboveinterpretationofPOX186’smorph ologyiscorrect,it  suggeststhattheobjectrepresentsa
verysmalldwarfgalaxythatisstillintheproces sofformation.Clumpsofstars~100pcinsizean d~10 6-7
M

thatarenotobviouslyglobularclusterscouldbe thelongsought-aftergalaxybuildingblocksrequir ed
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byhierarchicalmodelsofgalaxyformation(e.g.Co leetal.2000andreferencestherein).Theoldest stars
inPOX186mayalsobejustafewbillionyearsold ,basedonourresultsandonageestimatesforBCD Gs
withmorphologiessimilartoPOX186,includingMrk 59andMrk71(Noeskeetal.2000)andTol1214-
277(Frickeetal.2001).Raimannetal.(2000)o btainsimilarresultsforalargersampleofBCDGs. Itis
unfortunatelynotpossibletomakeanageestimate forPOX186’soldeststarswiththeavailabledata, as
evenourPC2imagesdonotadequatelyresolveindiv idualstarsinthegalaxy,andtheOBstarsofthe
centralstarclusterdominateourspectra.Aspect rumawayfromthecentralstarclusterisneededfo rthis,
whichbecauseofthegalaxy’ssmallangularsizean dfaintnesswouldbestbeobtainedwithan8m-class
telescopeunderexcellentseeing.Theevidencefor internaldustandthegalaxy’snon-zerometallicit y
establishesthattherehavebeenpreviousepisode(s )ofstarformation,however,whichwouldappearto
haveoccurredwithintheseparateclumpsofstarsb eforetheircollision.Aninterestingquestionto consider
istheeffectthattheeventualsupernovaeinthec entralstarclusterwillhaveonthesubsequentevo lutionof
thegalaxy,bothintermsofstellardynamicsands tarformationrate.Asignificantimpactonboth
parametersseemslikely,giventherelativelylarge fractionofthegalaxy’smasscontainedintheclu ster
(~0.01). 
    Asmallnumberofapparentlyultracompact(~10 0pc)butquiescentobjectshaverecentlybeen
identifiedinthecoreoftheFornaxcluster(Drink wateretal.2000;Phillippsetal.2001).However ,the
natureoftheseobjects,inparticularwhetherthey representonlythecoresofverylowsurfacebrigh tness
galaxies,remainshighlyuncertain.Comparisonsbe tweentheseobjectsandBCDGswouldthusbe
premature,especiallyinthecaseofPOX186,which residesinavoidratherthanacluster(§3.3). The
isolationofPOX186isinfacttypicalofalarge fractionoftheBCDGpopulation(Campos-Aguilar,Mo les
&Masegosa1993;Popescu,Hopp&Rosa1999).Inter estingly,anumberoflargergalaxiesintheBoötes
voidalsoshowevidencefordynamicaldisturbancea ndrecentinteraction(Cruzen,Weistrop&Hoopes
1997;Cruzenetal.2002)similartoPOX186.Thes eresultssuggestthatsuchvoidsarethelastplac esthat
galaxiesform.Theformationofdwarfgalaxiesin voidsisalsoconsistentwiththemostbasicColdD ark
Mattercosmologies(Dekel&Silk1986).   
    Finally,ifPOX186isindeedstillforming,i twouldsupportthe“downsizing”pictureofgalaxy
formationfirstproposedbyCowieetal.(1996),in whichtheleastmassivegalaxiesarethelasttof orm.
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TheresultsofNoeskeetal.(2000)andRaimannet al.(2000)thatBCDGsinthelocaluniversemayonl y
beafewbillionyearsoldsupportsuchamodel.T heinversecorrelationbetweengalaxymassandmass -
normalizedor“specific”starformationratefound byGuzmánetal.(1997)andBrinchmann&Ellis(200 0)
hasalsobeentakenasevidenceforthedownsizing picture,andKruger,Fritze-vonAlvensleben&Loose
(1995)notethatBCDGsshowasimilartrendofstro ngerstarburstsforlowermasses.Ourestimateof POX
186’sstar-formationratealongwithitsestimated massof10 7M


yieldsaspecificstarformationrateoflog
(SFR/M


)=-8.3.Thisvalueisroughlyconsistentwitha visualextrapolationofthecorrelationsfoundby
Guzmánetal.(1997)andBrinchmann&Ellis(2000) toagalaxymassof10 7M

(notingthatwehave
necessarilyuseddifferentestimatorsformassand starformationratethanthosestudies).Inadditi onto
POX186’smorphology,thissupportstheideathatt hesecorrelationsaretheresultofadownsizingpr ocess.
Ourresultsalsosuggestthatthestarformationof BCDGsisbeingdrivenbythemergingofsub-galact ic
clumps,withPOX186beingarelativelyobviouscas e.Statisticalevidenceformerger-drivenstar
formationamongBCDGshasrecentlybeenpresentedb yNoeskeetal.(2001).High-resolutionimaging
andkinematicstudiesofmore“ultracompact”blued warfgalaxiesarerequiredconfirmthis.
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                                                                   TABLE1

                             HUBBLESPACET ELESCOPEOBSERVATIONSOFPOX186


Instrument            FileName                 Filter              UTDate            IntegrationTime,s  

WFPC2            U5GB0101R            F336W           3/15/2000                     700
WFPC2            U5GB0102R            F336W           3/15/2000                     700
WFPC2            U5GB0103R            F555W            3/15/2000                    600
WFPC2            U5GB0104R            F814W            3/15/2000                  2700
WFPC2            U5GB0105R            F814W            3/15/2000                  2700
STIS               O5GB02010            G140L              6/16/2000                  2100
STIS               O5GB02020            G230L              6/16/2000                  2082
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                                                           TABLE2

                                         POX186APERTUREPHOTOMETRY


     Filter                                             Magnitude                                     LogFlux,
                                                           (Vegascale)                                ergss -1 cm -2Å -1

    F336W                                            17.4( ± 0.1)                                -15 .44( ± 0.02)
 F555W                                            17.6( ± 0.1)                                -15 .48( ± 0.01)
 F814W                                            18.4( ± 0.1)                                -16 .28( ± 0.01)
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                                                          TABLE3
                                            POX186EMISSIONLINERATIOS 1
______________________________________________________________________________________
   Line                                                  fλ(line)/f λ(Hβ)                      fλ(line)/f λ(Hβ)              
                                                                        (1)                                       (2)

H γ                                                              0.43( ± 0.01)                      0.49( ± 0.01)                                     
[OIII] λ4363                                            0.11( ± 0.01)                       0.12( ±0.01)
HeI λ4471                                              0.035( ± 0.006)                    0.038( ±0.006)                                         
[ArIV] λ4711                                         0.025( ± 0.004)                    0.025( ±0.004)
[ArIV] λ4740                                         0.019( ± 0.006)                    0.020( ±0.006)
[OIII] λ4959                                           1.985( ± 0.004)                    1.943( ±0.004)
[OIII] λ5007                                          5.908( ± 0.002)                    5.723( ±0.002)
HeI λ5876                                              0.095( ± 0.003)                    0.078( ±0.003)
[OI] λ6300                                              0.021( ± 0.004)                    0.016( ±0.004)
[SIII] λ6312                                             0.016( ± 0.001)                    0.012( ±0.001)                                                 
 H α  +[NII] λλ 6548,6583                        3.776( ± 0.008)                    2.780( ±0.008)
[SII] λ6716                                              0.060( ± 0.001)                    0.043( ±0.001)
[SII] λ6731                                              0.041( ± 0.002)                    0.029( ±0.002)
HeI λ7065                                              0.046( ± 0.002)                     0.035( ± 0.002)
[AIII] λ7136                                           0.083( ± 0.002)                    0.057( ±0.002)
[AIII] λ7751                                           0.019( ± 0.003)                    0.012( ±0.003)

 fλ(Hβ)(ergss -1 cm -2)                              2.31( ± 0.02) × 10 -14                    5.88( ± 0.04) × 10 -14      
 EW(H β)(Å)                                               262( ± 21)
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                                             TABLE3(CONTINUED)
______________________________________________________________________________________                         
1Column(1)valuesareforspectruminobservedfram e,aftercorrectionforGalacticextinction.Colum n
(2)valuesareintheobjectrestframe,aftercorr ectionforaninternalreddeningofE( B-V)=0.282.
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                                                    FIGURECAPTIONS


FIG.1.--ColorcompositeoftheF336W,F555Wan dF814WPlanetaryCamera2imagesofPOX186,
wheretheimageshavebeenplacedintheblue,gre enandredchannels,respectively.

FIG.2.--ContourplotsofthePlanetaryCamera 2imagesofPOX186.Theimageorientationisthe same
asinFigure1.Theimagesarefluxcalibrated,wi ththefollowingminimumandmaximumcontoursinlo g
(ergss -1cm -2Å-1):-16.34to-13.94(F336W),-16.60to-14.90(F5 55W)and-16.25to-14.55(F814W).
Thecontourintervalsare0.2dexfortheF336Wima ge,and0.1dexfortheF555WandF814Wimages.
Attheadopteddistancetothegalaxyof21Mpc,th eangularscaleisapproximately100pcarcsec -1 .

FIG.3.--ProfileoftheF555W–F814Wdifferenc eimage,averagedovertheentiregalaxy.Thevert ical
axisisinunitsofVegamagnitude,andthehorizon talaxishasthecentralbrightnesspeakasitsori gin.

FIG.4.--CombinedSTISultravioletandground-b asedopticalspectraofPOX186,intheobservedfr ame
ofthegalaxy,aftercorrectionforGalacticextinc tion.ThegapintheSTISspectraisduetotrimmi ngofthe
G140LandG230Lgratingspectrainregionsofvery lowsignal-to-noiselevels.

FIG.5--OpticalspectrumofPOX186intheobje ctrestframe,withthebest-fittingBruzual&Char lot
(2002)populationsynthesismodelshown(boldline; seetextfordetails).                                                                                                              
